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Department of Scientific and Industrial Research 
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ybservation of research and exchanges it with the other two world 
data obtained centres 4° in Washington and “B” in Moscow 
thods were of first quality The flow of data ts still relatively small. It consists 
nation about the ellipticity of mainly of satellite positional observations, although 
iw at an earlier stage thar educed radio observation tables of orbital elements and 
ds of certain satellites are also being received 
[he Centre is publishing reports on its observations 
Predictions of the times and directions of transit 
satellites passing within radio range of observers in the 
British Isles is continuing. Predictions have been issued 
regularly for Sputnik III and Explorer VI, Explorer VII 
when transmitting, and for Atlas (Score), Discoverer \ 
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transmitters had ceased to function More than 100 


ipparatus 18S a@ <4 if establishments and observers received the predictions 


escope which has th weekly intervals 
The data required for making the p 
been obtained from information of the 
the launching country and from opt 
observers in the British Isles and Western 


suiltaDle [To 
1 (iv) The Design of Satellites and their In 
1000 million 


In May, 1959, the British Government announced its 


} 


approval of a programme for the design and construction 


three general of instruments to be carried tn earth satellites. Groups 
for which they are mad both from Universities and Government Establishments 
ree 7 ee ee have started this work. Their scientific activities are 
opdiect OF lOcaling C 

co-ordinated and assisted by the Britis! 


Committee on Space Research of the Royal Society 


Research and development work ts also being carried out 


1 National 


privately by various British firms, who gained experience 
through their association with the British military rocket 


programme 
Joint Venture with 


Following the offer 
Academy of Sciences to launch complet 
yads in artificial Earth satellites for other counts 
nformal discussions were held between British scientists 

by Professor Massey, and the N.A.S.A. authorities 
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an instrument payload of about 150 Ib. in an approxi- 
mately circular orbit of a height of about 300 miles 

The experiments to be flown in the first of these 
satellites will be concerned with the electrical properties 
of the ionosphere, X-ray and ultra-violet radiation from 
the Sun and the intensity of primary cosmic rays The 
launching date for the first satellite will be towards the 
end of 196] A series of satellites is envisaged 

This venture is not regarded by the British authorities 
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investigation of the properties of space 
the Earth’s influence 
The scientific programme using such satellites 
cover a number of fields, such as astronomy, mete¢ 
the study of corpuscular radiation, radio ast 
the 1onosphere 
Mr. Rippon explained that a great deal of ber 
be derived from such a programme without atte 
rival either the United States of Russia in terms 
In the last Annual Report the Adv 
Council on Scientific Policy stated their opini 
the United Kingdon should embark upon 
programme of space research, by means of 
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from public funds.” 
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British Government from going ahead with the deve 

ment of the Blue Streak Black Knight combination ts 
one of cost. We have had no official figures, but on the 
basis of estimates published in responsible journals, | 


have made my own estimate which is as follows 


rimated Cost of a Space Programme based on the 

Blue Streak Blac 

lo date the British Government has spent £65 million 
on the Blue Streak project. Blue Streak itself would have 
to be developed further. It would then have to be 


Knight Combination 


tested Its guidance system would have to be changed 


ince it was designed for a ballistic rocket, not for a 
space launcher The cost of this work would require 
something in the order of £50 million on top of the £65 
million already spent. Blue Streak would then have to 
be married with Black Knight as the second stage and 
a satellite fitted on top. Black Knight has been fired 
successfully on several occasions and no extra develop- 
ment would be needed beyond the re-designing to fit the 
vo rockets together. It is estimated that this would 
Thus the total required would 
£70 million to be on the sale side 


St ¢ £12 million 
be £62 rnillion £65 
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Provided the existing ranges at Woomera in Australia 


were used, the cost per shot would be £1 million for the 


rocket, of which one-quarter would be the cost of the 


Satellite itself 
\ space programme includes more than the develop- 
ent of the space vehicle It must include tracking 


Most important 


nal 
facilities, the processing of results, etc 
is the development of the next stages in rocket propulsion 


Therefore | visualize the cost of a Blue Streak’ Black 
Knight programme looking something like this: 


t 
million 
Blue Streak Black Knight Combination 65 
Ten Satellite Launchings based on the above 
combination 10 
[racking and supporting activities 5 
Processing results 5 


Development of new rocket systems and space 


vehicles 


Total Cost 


Over 5 years this would mean an annual cost of ove 
£20 million a year let us say £25 million 
In the Appendices of his report, Mr. Price reviews the 


al problems raised by space research, outlines Russia’s 
contribution to the space programme of the 1.G.Y., and 
ncludes an appraisal of the “United States and U.S.S.R 
Space Science Results.” by Homer E. Newell, Jun 
There is also a list of the astronautical secieties in 
member-countries of the Council of Europe, a review of 
the Cospar Symposium held in Nice in 1960, a review of 
the European Council for Nuclear Research (CERN), and 


a description of the European Nuclear Energy Agency 


which has been taken as a model for the proposed 


European Space Agency 

The final appendix contains illustrations of space 
vehicles to scale and a record of all known space vehicle 
launchings, reproduced from The Aeroplane and Astro- 
nautics Space Congress issue of 12 August, 1960 
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Return to Earth 


{ summary of the official Soviet statement on Spu 


More information on the techniques involved 
recovery of the Second Soviet Spaceship (Sputnik 


has now been given in the Soviet press [he map 


produced on this page shows diagrammat 
trajectory of descent From this, it can be 
after the vehicle was turned end over end by 
tion system, its retro-rocket was fired from 
the Antarctic to bring the vehicle back 
atmosphere on a long re-entry path According 
Russian statement, this was done to minimize t 
of deceleration on the animal occupants 

The spaceship had. in fact, travelled almost 
from the moment it was ejected from orbit to tl 
had dropped to about 23,000 ft. Maximum decel 
during this period was about 10 ¢ 
between 93.000 and 26.000 {t 


r 


altitude of 
the ejection trap” was jettisoned by 


relays and the pressure cabin containing the a 
ejected from the ship The cabin landed at a 


2) 
| 


20.26 ft. sec. while the spaceship itself touched 


t t n 


nearly 33 ft. sec The Russians explained that separat 


y 


of the two components was an emergency proced 


iit 
pas 


on this occasion to test th 


flights are attempted They 
would have landed safely 
separated from the spaceship 
stated that recovery was 
miles from the designated 


represents a Very 1 ordel 


WI) 


1ccurac\ The vehicle's orientation system was active 
both in orbit and during the descent An error of only 
3 ft. a second in speed, the Russians said, would have 
deflected the vehicle over 30 miles. An error of about 
300 ft. in estimating the ship's height above the Earth 
would have resulted in a deflection of nearly 3 miles and 
in error of | minute of arc in attitude would have meant 

a deviation of 30 40 miles 
In the exterior of the space vehicle were control jets 
and the “orientation’s systems reserve high-pressure gas 
containers.” Also on the exterior “were the transducers 
of the scientific aparatus, the radio aerials and experi- 
solar batteries, and also a system of heat insula 
prevent the ship from burning up during the 


Apart from command signals from the Earth, the 
vehicle “was guided automatically by means of a high 
\ 


precision ort 


yt control system.”” Apparatus aboard the 


ship was powered by both chemical and solar batteries 
The solar batteries “were placed on two half discs 
1000 mm. in diameter They remained locked on the 
Sun irrespective of the ship’s attitude or position 


gd Cabin 
essurized cabin, air pressure had to be kept 
vel figure, with an oxygen concentration 
a © a quarter and not more than I”, of 
carbon dioxide Air temperature had to remain 
between 60 and 80 F., and its relative humidity content 
between 30 and 70 
fo maintain the correct oxygen balance in the cabin 
special devices were devised which automatically 
regulated the speed of absorption of carbon dioxide and 
water vapour with the emission of appropriate quantities 
of oxygen Any decrease in oxygen and increase in 
carbon dioxide concentration was registered by gaug 
which fed signals into the telemetering equipment and 
a control unit A liquid-air radiator was used to remove 
heat from the ship’s cabin. Temperature of the instru 
ment compartment, and the stable temperature of the 
refrigerant, were maintained by means of a heat exchanger 


ind a louvre system 


heeding 


A simple and effective method of overcoming the 
problem of food and water supply was found in the us« 
of a glutinous “jelly” containing adequate quantities of 
nutritious substances and water... The animals wer 
trained before their orbital mission to take this food from 
an automatic feeder, “in conditions as far as possibl 
simulating those of spaceflight 

In the case of the rats and mice, special types of “‘n« 
ages” were provided, along the sides of which wer 
feeding pipes “holding dry briquetted food.” Water 

kept in a tank from which it was deiivered to th 
cage through a wick, running inside a pipe. The mic 
ats had also been trained in advance to take thei: 


this way 





"Te “ yer smitted from the spaceship Aboard Soutnik V 


evision pictures transmit 
while in orbit “‘were filmed whenever the ship passed over ro a 
zones of ground reception.” Simultaneously each frame Tas a ae Pe Dampier “ 
of the film was marked with the time-marks on the ta iaetheae | one GenNES prams, €n Dita 
telemetered tape recordings Thus, by placing the films we nd Soviet spacesnip 
On 21 August, 1960, the animals which for the 


fl; 


alongside the tape it was possible to compare physiological 
n history had returned from a flight from 


changes — breathing, heart-beat. etc with the dog's Ime 


actual behavicur space were brought to Moscow 
[here were actually two television cameras on board As has previously been reported, the second satellite 


One was mounted on the cabin hatch, and through a spaceship carried on board the dogs Strelka and Belka 


window in it, transmitted a full-face picture of the dog Apart from these, other animals (forty mice, two rats, 


Belka. The other camera was placed in the “capsule of and insects), as well as plants, grains of cereal crops and 
eship and, through a side window in the con certain microbes were placed in the spaceship in order to 


levised Strelka in prolile lhe cameras were study the effects of radiation and spaceflight conditions 


ed on alternately: switching from one to another Thirteen white laboratory mice and fifteen black mice 


could be accomplished at any moment during transmis ind two white rats made the flight in the cabin of the 
spaceship 


Apart from directly watching the spaceship’s 
[he catapulted capsule, along with Belka and Strelka, 


ecasts, the ground stations recorded them, using the 
most advanced techniques to ensure the highest fid contained six white and six black mice, insects (drosophila 
recording in fifteen flasks), tradescantia plants in two flasks. 
chlorella plants in eight ampules in a liquid nutritive 
medium in the form of suspensions and four ampules 
on agar, fungi (actinomycetes in fourteen ampules): seeds 
of maize and wheat of different varieties, peas, onions 

and nigella 
Moreover the capsule contained small sections of 
human and rabbit skin in two ampules and Hell's cance 


cells in six ampules, and microbes: enteric bacillus K-12 


9 


10 





in eleven ampules, enteric bacillus V in six ampules 
enteric bacillus of the “aerogenes” type in four ampules, 
butyric fermentation bacillus in two ampules, staphilo 
coce’ in two ampules, desoxynucleinic acid in six ampules 
bacteriophage T-2 in three ampules and bacteriophage 
13-21 in three ampules 

The following scientific equipment was installed in the 
spaceship: for investigating light and heavy nuclei in th 


primary cosmic radiation: for investigating the ray and 


‘ 


ultra-violet radiation of the Sun: for registering levels 
(doses) of cosmic radiation in the container with the 
animals 

Blocks of thick nuclear photographic emulsions 
totalling about 60 kg. were installed in the spaceship 
One of the photo emulsion blocks was fitted with a 
device for developing the emulsions directly on board 

The scientific information was memorized and relayed 
to the Earth at a special command. The memorized 
nfornmiation was relayed after each revolution of the 
ship round the Earth and also before the landing 

Moreover, during the descent, the changes in_ the 
physiological functions of the experimental animals were 
continually recorded by an independent recording system 
on board the spaceship 


lhe blocks of nuclear photographic emulsions and 


entire scientific equipment have been returned to 


Earth on board the ship 


in this picture with 
| responsible for ther 


relka and Belk i 


some 
aining 


So 


viel 


of 


the 


News 





The television system installed in the spaceship 
| f valuable information SUNFLOWER ' 
POWER CONVERSION SYSTEM 


provided a large amount ol 
‘corded on cine film The registration of the pictures 
was syvchronized with a high degree of 


accuracy with the 


lemetered records, as a result of which it is possible t 
ompare direct observation of the animals with objective 


| 


ed 


data on changes tn their physiological functions relay 
to the earth by means of the telemetering system 
Additional computations of elements of the orbit of 
Soviet Spaceship II have confirmed that throughout the 
ntire flight it kept on an orbit extremely close to the 
ilculated one 
account of the 
ous factors affecting the movement and descent of 


as reported previously, an accurate 


the spaceship, the continuous processing by means oi 
lectronic computers of the results of the measurements 
nts of its orbit, with corrections for its changes 
ible to bring the spaceship to Earth with 


L 


oO} ici 
made it pos 


great accuracy 
fter the land 


heat into space and will operate under weight! 
tions Also included in the Sunflower s 
thermal energy storage unit which will permit continuous 


During the descent and a ing of the space 
ship and the catapulted capsule, special radio transmitters 
installed on the ship and in the 
ignals As a result it was possible to continually track 


capsule sent out radio 


the Earth's 


ition « e sh ind sule down power output even when the spacecraft ts 1 
shadow 
Sunflower I will require S 


| 


point the solar collector 


un orientation and attitude 


toward the 


control devices to 


Sun with less than | deviation 


Solar Sunflower Spaceflight Exhibition 


United States Informatik 
availablk 


| ) | Ss and rn dn Wtration 
I} National Aeronautic an St ice Administra In co operation with the 
Society is now able to make 


wii 7, A p ( ot 
with the T.A.P.C.O. Group ervice. the 


ho , no-Wooldridge fo sO uxiliary pow 

lhon pson Ramo-Wooldri Bt fora solar at = iry pe CT number of small exhibits of 
know! ; Sunflower | Development cost , , 

RHOWE 2 re display in schools. Details of these are as 


na | ed a contract 
“space” subjects suitable 


LOHOVN 


54-9 million 
| ne na f I | ge 
3000 W of electrical powel (a Exploring Space \ fairly large 
seventeen < 1 pane e 401 

ystem has potential uses in eventeen aluminium panels siz 
These have 


in two large packing cases 


lunar and planetary spacecraft. It will 
700 Ib. and could fit within nose fairings of suspending from walls but structural unit 
or Saturn boost ve supplied for a big display if require 
will consist ‘ large foldable solar illustrations cover all U.S. satellites to | 
boiler which uses solar energy to boil liquid instrumentation, tracking facilities, plus 
erator driven by the mercury vapour of the future 
f Man in Space This consists 
20 in. on the Mercury Project 


fen hardboard pan 
Pioneer I] 


rer: 
of five ca 


urbo vel 


T 
VCl 


ind a condensor-radiator to s 
panels 30 in 
Spa Unlimited els eacl 

r collector will be folded , ace nt ile I i 
Sin 36 in. On early satellites up t 


sSOlal 


. yi 


opened out to a diameter 
A fairly elementary set 
Solar Energy Kit, which illustrates (by me 


mounted on a tripod 
a iid iin tee battery), the action of solar cells. Thi 
ine mirrol n toy +44 a ‘ 
, concentra high, 4 ft. wide, and 2 ft. deep. It Is ope 
4 \ tates 
h yi ' vill {} xT a press button 
North American Aviation *X-15 This 


modified version . 2 
26 in 92 in. and includes 


leveloped by the 27 in - model of 
with a nuclear the actual aircraft plus tlustrative brochi 

condensor-radiator The above material is available on loan. free of charge 

Booking forms can be obtained from the B.1.S. Secretar 





Craters of the Moon 


By JOHN W. MACVEY, F.R.A'S 


It seems virtually certain now that onl 
Ww years separate man from the first of his astronautical 


goals a landing on the Moon Thanks to its relative 


proximity to the Earth and above all to the patience and 
devotion of a handful of dedicated men, the Moon's 


ble surface has been charted in considerable detail 
In this respect One must particularly acknowledge the 
valuable and painstakingly accurate work of 
H. P. Wilkins, whose recent death was such a grea 
to the ranks of the lunar observers 

Of all the lunar features those exciting the most interest 
are the so-called craters, those odd formations which are 
spread so widely, and — as it seems at a cursory glance 
so haphazardly over the surface of our satellite 

Quite a number of interesting theories seeking to 
account for them have been postulated over the years 
Or these, three stand out as having possible validity, 
namely the volcanic, meteoric and plutonic theories 
The Volcanic Theor, 

[his theory was first postulated by Nasmyth and 
Carpenter in 1874 and for a time gained a considerable 
number of adherents. It must be admitted that the use 
ot the term “crater” in the first instance was probably 
somewhat unfortunate, inasmuch that it was almost 
bound to lead to attempts to prove that these objects 
were in fact craters in the terrestial and purely volcanic 
senrise 

In essence, the theory envisages a central volcanic 


{ 


pipe” or outlet. Originally eruptions would be of a 
violent nature with the outlet acting rather as a “volcanic 
fountain,” throwing out lava to a considerable distance 
This, it was suggested, resulted in an outer 


After a period of 


over 360 
ring wall of appreciable dimensions 
time, eruptions, would become much less violent, thereby 
giving less impetus to the fountain and creating walls of 
lesser dimensions within the perimeter of the outer ring 
walls. In its dying stage, the volcano would be left with 
little energy. sufficient merely to raise molten lava to the 
lip of the orifice and there spill it out, thus creating the 
central peak. In the case of craters having no central 
peak it was further postulated that the eruption ceased 


quite suddenly so that the crater floor was covered by 
java which welled up from within the Moon’s crust 
This theory, it seems, would certainly have validity 


in explaining such features as crest craters on lunar 
mountain tops, terraces, lava flooded craters and perhaps 
some of the plateaux such as Wargentin. By and large, 
however, the theory would appear to fail in several other 
respects. It is a fact that the large majority of lunar 
craters bear little or no resemblance to terrestial volcanic 
craters. Fundamentally a volcanic crater is a hole on 
tap of a mountain which is itself generally much higher 


Part of the Southern Hemisphere of the Moon photographed by 
Dr. Gilbert Fielder at the Pic du Midi Observatory, reproduced 
by permission of Dr. J. Rosch 


than the surrounding terrain. Most volcanoes on 
Earth, such as Vesuvius, Etna or Stromboli, have been 
mountains throughout recorded history, and it is difficult 
to plot the course of their growth with much accuracy 
[he evidence of the resultant growth, however, ts 
strangely at variance with the formations on the Moon 
which, rightly or wrongly, we have termed craters. In 
Mexico, a new volcano, since named Paricutin, did 
actually come into being in 1943, sprouting unexpectedly 





in the middle of a field \ great deal of solid material inevitably have been a certain amount of true volcanic 
was ejected violently but in fairly haphazard fashion and activity at one time in the Moon’s history, it cannot be 
nothing like ringwall formation took place The new held responsible for crater formation in general. Con- 


volcano confined its attentions very largely to the creation sequently we must turn to some other natural agency 


of its own cone, which within a year grew to a height of 
1200 ft. above the plain, with a base thickness of three — 
quarters ofa mile. In this and other volcanic formations 

here on Earth the essential feature is generally a single For a time this theory gained very considerable 

cone composed largely of volcanic ash and solidified lava seeming to explain features which had until then appeared 
In addition. the sides bear the mark of successive lava somewhat anomalous lo this day it has many adherents 


flows. In the case too of a terrestial volcanic crate although valid objections to it are now rather numerous 
the shape its roughly that of a funnel and if it 1s of the Ihe discovery of the famous Meteor Crater in Arizona 
extinct” or long quiescent variety, considerable weather gave it some support his is a mile wide fort 


ing will probably have occurred. In both cases the in solid rock and assuredly not of volcan 


{ ‘ { 


outline of the crater ts far from being circular or elliptical possesses gentle slopes on the outside, but t 
as are those on the Moon, a fact to which any visitor are considerably steeper ; its floor is well below 
o the summit of Vesuvius will readily testify It should irface level [here are certain similariti 


j 


he noted too that the diameter of the crater of the largest between and a iunar crater, tl 


olcano on Earth 1s only of the order of | mile. while that similarity being one of size 


yf the largest known eroded crater is only in the region of such impact craters would noi 


i 


10 miles These dimensions are pitifully small whet weakness in the lunar ci 


contrasted with those of the large number of lunar ases they would obliterate older impact crat 


‘ 


rs which range from 10 150 miles in diameter ers score “hits” on older crater walls 


‘ 


yr example, very hard to envisage a volcano of amount of interesting research toward = c¢ 


le sufficient to created the ringwall of Clavius meteoric impacts with lunar crater formation was c% 


which possesses a diameter in the region of 100 miles out in 1918 by the geologist Dr. Alfred Wegener 


1 


Indeed, if an observer on the Moon were placed near the experimenting at some length with models made 
central peak of such a formation, the “crater walls ‘ment dust and “plaster of paris.” he reporte 


be so far distant as to be indiscernable beneath follows \ meteor, breaking up on impact, would have 


could 
the lunar horizon its fragments widely distributed hese would be spread 


Furthermore, on Earth, volcanoes are arranged along thinnest over the crater floor bui would be more con- 
. ted . » inne . f tha swall ac f 
veak lines in the planet’s crust the so-called volcanic- ) d on the inner rim of the ringwall Thus there 


earthquake belt This is really a system of two well ( be no main mass remaining.” It is noteworthy 

defined zones, one being the rather picturesquely named to add as yet, no “main mass” has ever bee 
Pacific Ring of Fire which includes the Andes covered in the Arizona Crater, although much is scat 
Central America, the Rockies. Aleutians, Japan, the any miles around the rim The “central peak 
Phillipines, the New Hebrides and New Zealand rt ly is undisturbed groundmatter left in place though 

other comprises the East Indies, Malaya, Burma. East almost unquestionably crushed and deformed.  Furthes 
Africa, the Mediterranean, The Azores, Canaries, linking ording to meteor theory, “Maria” differ 

up finally with the West Indies. While the distribution raters (or walled plains) in only two respects 

of the lunar craters is most assuredly not random as was f size and of smoothness. It Is suggested 


‘ ] l \ ius | wteo oc - of fe) 
popularly supposed, there ts nevertheless a lack of were caused by meteors large enough & 


i c 


1 , m ns t v7 . 1 < n 
fine definition shown by the volcanic belt on Earth noon’s crust, thereby causing liquid magma 


the distribution of the lunar craters would interior to well up (e.g., the Mare Imbrium) 


system. a fact ater rim, some areas would be only partially flooded 
nic tl y of this molten material and there would also be remains 
what are (in terms of this theory 
mountains which, though partially 
not disappear completely. It was further sugg: 
craters with “rays ere the result of tror 


the “rays” being splashes of fused metal 


) covered by a lava flov Here again, at first glance. appears to be 
ievitablv go far f a considerable claim to lidity. Closer 

however. reveals several substantial flaws 
ak. the t , tain be summarized briefly as follows 


‘ ’ 1 1 LI 
errain but (i) The work of several recent and reliable observers 


of the Moon's surface has revealed that the pre 


1ough re t alr valence of summit craters is now considerably 





greater than was earlier thought to be the case 
Nearly all of these are symmetricaily placed on 
mountain tops, in most cases being precisely 
central. This unquestionably deals a heavy blow 
to the “hit or miss” aspect which must inevitably 


be an integral part of the meteoric impact theory 


[he meteoric theory, by its very nature, must 
demand a random distribution of craters. In 
fact, a considerable number of craters are arranged 
in chains, pairs and clusters far too many for this 
to be attributable to mere coincidence Advocates 
of the meteor theory have suggested that a shower 
teors might actually fall in such a fash 
rise to a chain of craters, rather after 
suck of bombs” dropped from an 
ib 


ely their case Is negatives 


lain Comprises 


It 1s an almost invariable rule that when one 


crater breaks into another, it is the sma//er which 
disturbs the greater Here again the incidence of 


j 
i 
this fact 1s altogether too great to be attributed 


to chance. On some kind of volcanic, or at 


least. igneous theory. however, this is rather to be 
expected As the Moon aged, the amount of any 
such activity would naturally decline and as a 
general rule the older craters would be larger 


Where then do we stand? We have seen how several 
features ef both theories show considerable validity At 


I 


the same time, objections to both are quite numerous 


It seems, therefore, as though we must extend 


OUT 


nvestigations still farther 


The Plutonic Theor, 

In geology rocks formed by the action of fire or heat 
come under the general classification of igneous rocks 
This group is sub-divided into two sections known as 
volcanic and plutonic respectively. On the Earth. 
volcanic rocks were formed as a result of lava cooling on 
the surface (e.g., basalt, obsidian, pumice, etc.). Plutonic 
rocks on the other hand are those which solidified deep 
below the Earth’s crust under conditions of great 
pressure (e.g., granite, syenite, etc.). Under this second 
heading may also be included intrusive rocks, formed 
from liquid magma which has succeeded in forcing its 
way to the surface. Thus. the “plutonic theory” of 
lunar crater formation, as its name implies, bases its 
case On igneous material coming from beneath the 
Moon’s crust 

It postulates that in a remote age in the past the 
distance between Earth and Moon was considerably 
less than it is today. As a direct consequence of this, 
tidal effects would be expected to set up appreciable 


Strains in the Moon’s crust At weak points in it, hot 


magma from the interior would force its way to the 
surface forming a kind of feed pipe and eventually the 
entire surrounding area would be raised in a vast pro- 
tuberance not unlike a crude form of dome or bubble 
Frequently the pressure from below would be insufficient 
for the process to continue, whereupon the emission of 
hot magma would cease, although the “dome” would 
Such a large amount of gas would be forced 


remain 
out through 
below would fall quite suddenly 


the initial vent, however, that the pressure 
As a result the dome 
would abruptly collapse into the hot magma beneath 
and melt. In all probability this would be repeated many 
times, resulting in the formation of walls of little height 
above the surrounding terrain, but of fairly considerable 
height above the frequently re-melted interior floor As 
this floor gradually solidified, hills, terraces and minor 


craters would be formed. The final stages of this strange 


cataclysm would lead to the formation of the central 
massif or peak. In some cases it is considered likely 
that a final vast convulsion would result in the complete 
obliteration of all interior features including the central 
peak. Furthermore it is axiomatic that early activity 
would be the most violent, resulting inevitably in large 
formations. Consequently smaller ones formed at a 
later period by less massive forces would frequently 
break into some of the larger and older craters. Since 
the original vents or pipes would appear along lines of 
weakness in the crust then, of course, it follows that the 
resultant craters would also follow such lines, appearing 
as the chains and groups of craters we see today As 
far as the large plains or “maria” are concerned it seems 
reasonably safe to assume they were created at some 
later period in the Moon’s history, though still at an 
early stage in the overall development of the satellite 
They may well have been the result of several cataclysmic 
seismic disturbances which caused tremendous subsi- 
sidences and upthrusts 

It would be foolish to pretend that this theory is 
without its defects and in many respects it may even 
appear fanciful. Nevertheless, it would seem to account 
reasonably satisfactorily not only for the existence of the 
craters, but also for their overall distribution and thei 
tendency to form groups and chains as well as for floor 
details- features which many feel today cannot readily 
be explained by either of the other two theories. The 
“plutonic” alternative may not be wholly accurate but 
modifications and extensions to it may well approximate 
rather closely to the truth. If to it is coupled the reason- 
able assumption that some true volcanic craters (as 
evidenced by rim and crest craterlets) and a few genuine 
meteor craters are also present, then a_ reasonably 
realistic picture of the Moon’s early history may well 
have been drawn 

The controversy will doubtless continue until the 
first lunar expedition examines the problem at first 
hand 
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11th LA.F. CONGRESS 


Congress Diary 


By DOREEN GATLAND 


The Eleventh Internation Congress on Astronautics 
was held in Stockholm between 15 and 20 August 
After arrival and having checked in at their hotels. 
participants began to find their way to the Congress 
Bureau for registration This was located in the K.T.H 
(Royal Institute of Technology). Later. it was found 
that some 900 people had signed in whereas only about 
S00 had been expected 

At the Institute, three halls were set aside for lectures 
while four contained exhibits which included some U.S 
Navy small sounding rockets and models of the Tiros I 
meteorological — satellite ind the Hawker Siddeley 
communication satellite 

It was like home from home as far as the weather was 
concerned as it rained all Sunday afternoon and evening 
In the evening an informal reception was held at tl 
Strand Hotel, one of the largest in Stockholm 

On Monday the Congress 
China Theatre with a welcoming address by Professor 
Bertil Lindblad, president of the Royal Swedish Academy 
Speeches were also given by Mr. A. Hjert- 


HX 


was Officially opened at the 


of Science 
strand, chairman of the organizing committee of the host 
society, Professor L. Ll. Sedov, the 1.A.F. president, and 
Dr. R. W. Porter, vice-president of COSPAR. Sir 
Harrie Massey, chairman of the British National Com 
mittee on Space Research, gave the inaugural lecture 
‘Science Research Using Space Vehicles.” A visit to 
the Town Hall followed where a reception was held in 
the main hall, the walls of which are covered in gold 
mosiac after the Italian style. Another room of great 
interest was the one in which Parliament sat; each 
member has his own chair with his name on the back 
Special galleries on either side, and overlooking, are 
used by visitors and the press. Coaches waiting outside 
then took participants on to another reception at the 
Technical and Science Museum which was given by the 
Swedish Interplanetary Society and representatives of 
Swedish Industry 
On Tuesday, 16 September, the technical session 

began at the K.T.H. with a lecture by Dr. Wernher von 
Braun on the U.S. Space Rocket Programme. This 
was fully illustrated by many diagrams and photographs 
of U.S. space vehicles including, of course, Saturn 
The Third Space Law Colloquium also began its meetings 
at the Apollonia Congress Hall in another part of the 
city, while the Astrodynamics Colloquium, the Space 
Medical Symposium and the Small Sounding Rockets 
Symposium also got under way The Space Medical 
Symposium included two papers from the R.A. 

Institue of Aviation Medicine at Farnborough. These 
were “Human Frequency-Response to Vibration,’ by 
Fit. Lt. J. C. Guignard, and “Control of Microclimate 
Temperature in Very Hot Environments,” by Fit. Lt 
J. Billingham. Meanwhile, the ladies were taken on a 


n the reception hall at the Royal Institute 
\ Cleaver, past chairman of the B.LS 
Hilton, Ad 
tad 


WAC-Corporal fame, and Dr. W. I 


Group, Hawker Siddeley A l 


sightseeing tour of the City ol Stockholm ; given 
lunch at the Nordiska Kompaniel, a large department 
store where they also attended a fashion show 

In the evening, a press conference was given by 


Professor Theodor von Karman at which he 


discussed 
details of the International Academy of Astronautics 
which had gained approval during the plenary session 
earlier in the day. Its committee members include 
Dr. L. R. Shepherd, Mr. A. V. Cleaver 
A. C. B. Lovell and Dr. J. Davies. One of the first 


projects the Academy will undertake 1s a study of the 


Profes SOT 


requirements for a laboratory on the Moon to be known 
as LIL, short for “Lunar International Laboratory 
The committee chosen to look after it has Dr. F. J 
Malina as chairman and Professor Lovell as vice-chair 
man 

Next day. while lectures continued, the Swedish 
Ladies Committee took the ladies to the Millesgarden 
which was the former home of the renowned Swedish 
sculptor, Carl Milles. This delightful house with its 
terraced gardens is situated on the rocky cliffs of the 
island of Lindingo and truly is an artists paradise 
From there the ladies were taken to Stocksund and the 
lovely home of Mrs. Ulla Ciemedson, wife of the president 
of the Swedish Interplanetary Society, where a reception 
was held and each visitor was given a set of three 
beautiful hand-blown glass vases 

in the evening, the streamer s.s. Mariefred took 
participants to the park of the Royal Palace of Drotting- 
holm where a two-act light opera, “Il Maestro di Musica, 





by Pergolesi, was performed by artists from the Royal 
Opera Company, Stockholm. To go with the eighteenth 
century theatre, members of the orchestra wer. ‘ressed 
in period costumes. On their return, many Congress 
members watched, for the first time, Echo pass overhead 
and saw the Northern Lights 

The customary Congress excursion took place on 
Thursday, when the s.s. Vdstan toured the Archipelago 
stopping for lunch at the Grand Hotel, Saltsjobaden 
and returning at 4 p.m. Even the weather was at it 
best and everyone had a most enjoyable time 

On Friday morning at the plenary session, Profe 
L. I. Sedov was unanimously re-elected I.A.F. presi 
for the coming year. Vice-presidents elected were 
H. S. Seifert (U.S.A.); Dr. L. R. Shepherd (1 
Professor R. Pesek (Czechoslovakia): Professor I. Per 
(France): and Obering F. Staats (W. Germany). The 
technical sessions that day included the only British 
paper in the main sessions, that by Dr. W. F. Hilton and 
S. R. Dauncey of Hawker Siddeley Aviation on “Com 
and read by Mr. Daunce 


t 


The ladies excursion on Friday was a visit to 


munication Satellite Orbits 


¢} ' 


smiths hey were shown the processes in) 


making jewellery and cutlery for which Sweden 1s 
particularly famous Amount the other interesting 
things seen were silver candle-sticks bearing the Iranian 
They are to be presented to each Swedish guard 
ttended the Shah of Persia on his recent visit to 


Next. came a visit to the textsle and handi 


who a 
tockholm 
crafts showrooms where the Association, which was 
founded in 1934, employs artists, some of them partly 
disabled Handicrafts included weaving, lace-making 
od, ceramic and wrought-iron work 
Congress banquet was held tn the evening tn the 
r Garden of the Grand Hotel Royal [his was a 
ballroom with high walls fashioned tn the style 


ith many windows and balconies overlooking 


turday’s papers. beginning with Professor Oberth 
Ihe Rational Way of Space Flight Pechniques” 
ght the technical proceedings to a close. Farewells 
Swedish hotsts congratulated warmly 
organizing a memorable Congress 


1g, to be held outside Europe for the 


ttin n New York. will be organized by the American 


R cket Society in October 
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1/7 the Eleventh 1.A.F Co in 

Wernher von Braun, Director of the George ¢ 
Space f light Centre. gave further details of 
thrust boosters now under development in his paper. 
United States Space Carrier Vehicle Programm 
SPace vehicles described form the hasis of N.A 


dd = 
newly-announced, “Project Apollo 


[he Saturn programme Dr. von Braun said, hac 
evolved inte a long-range development plan that through 
continuous development of “building-block” upper 
Stages, will provide not only a substantial early payloi 
capability but a final configuration that will exploit 
maximum capability of the Saturn first 
are these capabilities? The C-1 version wi 
lift 20,000 Ib. into a low orbit. For more demanding 
missions, it should be capable of boosting a 6000-] 
payload along an escape departure trajectory and of 
landing 1000 to 2000 Ib. softly on the Moon As for 


the capabilities ot ¢ hypothetical! C-2 vehicle. a three 


Stage version could be used to place approximately 
45.000 Ib. into a low orbit 
missions would be more than twice as heavy as those of 
Saturn C-] 


The capabilities shown for escape missions have, of 


Payload for high-speed 


course, been based on direct flights from the Earth into 
departure trajectories. Now, if we consider an orbital 
refuelling operation in connection with the Saturn 
single-flight performance, the capability for such missions 
as a manned lunar soft landing or a planetary landing 


of ten or more, depending 


on the number of Earth-to-orbit refuelling flights and 
the mission requirements. Of course, a direct departure 
vehicle could enter first into a low altitude waiting orbit 


and then transfer to an optimum departure trajectory 
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Congress Diary 


By DOREEN GATLAND 


Ihe Eleventh Internation Congress on Astronautics 
was held in Stockholm between 15 and 20 August 
After arrival and having checked in at their hotels 
participants began to find their way to the Congress 
Bureau for registration This was located in the K.T.H 
(Royal Institute of Technology). Later, it was found 
that some 900 people had signed in whereas only about 
$00 had been expected 

At the Institute, three halls were set aside 
while four contained exhibits which included some U.S 
Navy small sounding rockets and models of the Tiros | 
meteorological satellite and the Hawker Siddeley 
communication satellite 

It was like home from home as far as the weather was 
concerned as it rained all Sunday afternoon and evening 
In th ening an informal reception was held at the 
Strand Hotel, one of the largest in Stockholm 

On Monday the Congress was officially opened at 
China Theatre with a welcoming address by Professor 
Bertil Lindblad, president of the Royal Swedish Academy 
of Science. Speeches were also given by Mr. A. Hjert- 
strand, chairman of the organizing committee of the host 
society, Professor L. I. Sedov, the L.A.F. president, and 
Dr. R. W. Porter, vice-president of COSPAR. Sir 
Harrie Massey, chairman of the British National Com- 
mittee on Space Research, gave the inaugural lecture 
Science Research Using Space Vehicles.’ 4 visit to 
the Town Hall followed where a reception was held in 
the main hall, the walls of which are covered in gold 
mosiac after the Italian style Another room of great 
interest was the one in which Parliament sat: each 
member has his own chair with his name on the back 
Special galleries on either side, and overlooking, are 


used by visitors and the press. Coaches waiting outsidk 


then took participants on to another reception at the 
Fechnical and Science Museum which was given by 
Swedish Interplanetary Society and representatives 
Swedish Industry 
On Tuesday, 16 September. the technical session 
began at K.T.H. with a lecture by Dr. Wernher von 
Braun t U.S. Space Rocket Programme This 
Illustrated by many diagrams and photographs 
space vehicles including, of course, Saturn 
The Third Space Law Colloquium also began its meetings 
at the Apollonia Congress Hall in another part of the 
city, while the Astrodynamics Colloquium, the Space 
Medical Symposium and «he Small Sounding Rockets 
Symposium also got under way The Space Medical 
Symposium included two papers from the R.A.I 
Institute of Aviaiion Medicine at Farnborough. These 
were “Human Frequency-Response to Vibration,” by 
Fit. Lt. J. ©. Guignard, and “Control of Microclimate 
Temperature in Very Hot Environments,” by Fit. Lt 
J. Billingham. Meanwhile, the ladies were taken on a 


the reception hall « 
eaver, past 
poral fame, 


Hawker Siddeley 


sightseeing tour of the City of Stockholm and given 


lunch at the Nordiska Kompaniel, a large department 


store where they also attended a fashion show 
In the evening, a press conference was given by 

Professor Theodor von Karman at which he discussed 
details of the International Academy of Astronautics 
which had gained approval during the plenary session 
earlier in the day Its committee members includ 
Dr I R Shepherd, Mi \ V Cleaver, Professor 
A. C. B. Lovell and Dr. J. Davies. One of the f 
projects the Academy will undertake ts a study of 
requirements for a laboratory on the Moon to be knowt 
as LIL, short for “Lunar International Laboratory 
Ihe committee chosen to look after it has Dr. F. J 
Malina as chairman and Professor Lovell as vice-chait 
man 

Next day, while lectures continued, the Swedish 
Ladies Committee took the ladies to the Millesgarden 
which was the former home of the renowned Swedish 
sculptor, Carl Milles. This delightful house with its 
terraced gardens is situated on the rocky cliffs of the 
island of Lindingo and truly ts an artists paradise 
From there the ladies were taken to Stocksund and the 
lovely home of Mrs. Ulla Clemedson, wife of the president 
of the Swedish Interplanetary Society, where a reception 
was held and each visitor was given a set of three 
beautiful hand-blown glass vases 

In the evening, the streamer s.s. Mariefred took 
participants to the park of the Royal Palace of Drotting- 
holm where a two-act light opera, “Il Maestro di Musica,” 





by Pergolesi, was performed by artists from the Royal making jewellery and cutlery for which Sweden is 


Opera Company, Stockholm. To go with the eighteenth- particularly famous 
century theatre, members ot the yrchestra were dressed things seen were Silver 


in period costumes. On their return, many Congress flag They are to be 


Amount the other interesting 
candle-sticks bearing the Iranian 


presented to each Swedish guard 
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The customary Congress excursion took place or atts showrooms where the Association, which was 


Thursday, when the s.s. Vdstan toured the Archipelago ided in 1934, emp 
stopping for lunch at the Grand Hotel, Saltsjobaden lisablec Handicrafts 
and returning at 4 p.m. Even the weather was at its 1, ceramic and wri 


loys artists, some of them partly 


included weaving, lace-making 


yught-iron work 


best and everyone had a most enjoyable time lhe Congress banquet was held in the evening in the 


On Friday morning at the plenary session, Professor Winter Garden of the 
L. 1. Sedov was unanimously re-elected I.A.F. president ery large ballroom wit 
for the coming year. Vice-presidents elected were D1 fa castle with many w 
H. S. Seifert (U.S.A.); Dr. L. R. Shepherd (U.K.) ] 
Professor R. Pesek (Czechoslovakia): Professor | ( aturday’s papers t 
(France); and Obering F. Staats (W. Germany) he R: n a 


technical sessions that day included the only 
paper in the main sessions, that by Dr. W. F. Hilton and ~ aid and r Swe 
S. R. Dauncey of Hawker Siddeley Aviation on “Cor 
munication Satellite Orbits.” and read by Mr. Daunc 
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British bro tI chnical proceedings to a close. Farewells 
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The Saturn Family <a paste ne : arth-to-orbit refuelling flights and 


he mission requireme 


, , _— - 
1f the Eleventh J.A.4 oneress inp Stockholm } vehicle co 
i? nN anal 
Wernher von Braun. Director of the Georg and then transfer to an 
Space Flight Centre Pave furthe de faus 
j 


; j 
thrust boosters now under development in WIS 


Unite d States Space Carrier Vehicle Prog 


f re m” . r . , - 
space vehicles descrihed form the basis « \ \ SA | | RN 
eu “ANNOUNCE 1, Project {pollo “ | > Y rs 

On iran Or 4 
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Ihe Saturn programme Dr. von Braun 
evolved into a long-range development plan that through 
continuous development of “building-block 
Stages, will provide not only a substantial early pay! 
capability but a final configuration that will exploit the 
maximum capability of the Saturn first stage. What 


are these capabilities? The C-1 version will be able t 


lift 20,000 Ib. into a low orbit For more demanding 


missions, it should be capable of boosting a 6000-Ib 
payload along an escape departure trajectory and of 
landing 1000 to 2000 Ib. softly on the Moon for 
the capabilities of a hypothetical C-2 vehicle, a three 
Stage version could be used to place approximately 
45.000 Ib. into a low orbit. Payload for high-speed 
missions would be more than twice as heavy as those o 
Saturn C-] 

Ihe capabilities shown for escape missions have 
course, been based on direct flights from the Earth 
departure trajectories. Now, if we consider an orbit: 
refuelling operation in connection with the Saturn 
single-flight performance, the capability for such missions 
as a manned lunar soft landing or a planetary landing 


Oi course, a direct departure 
a low altitude waiting orbit 


optimum departure trajectory 


APPROXIMATE NET PAYLOAD 
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Ihe quicker and less complex direct transfer of a 
two-man spaceship to the Moon's surface with a safe 
return capability for the crew would require a lift-off 
thrust of about 12 million lb. Therefore, with a present 
basic Saturn thrust of less than 2 million Ib., the direct 

er would simply not be possible until a much larger 
eneration, carrier were to become available. W 
may be obliged then to think about orbital refuelling 
techniques for an early accomplishment of manned lunar 
urface missions fo accomplish refuelling, a reliable 
orbital rendezvous technique 1s necessary In this 
irrier Would first lift the lunar spaceship into an Earth 


r 


orbit and after the refuelling operation would depart for 
the Moon 
n functions under 
1 to connect the Moonship and tanker and transfer 


Orbiting working crews, trained to perform 


zero-gravity conditions, are 


the propellents from the latt to the former The 


h 
limited time period for the whole operation may demand 
a substantial number of Saturn launch pads on Earth 
the all-important human needs, limitations 

caused by orbital storage of hydrogen over 

Perios tween individual tanker flights may 

if this should prove decisive, lowe! 

storable propellents may have » used for the 
Moonship, thereby increasing the ni er of tanker 


hv 50 


ORBITAL : 
TANKER 


SATURN TRANSPORTER 
' AND TUG 


Nationa feronautics and 


Granting a number of disadvantages, the orbital 
refuelling technique does seem to offer some definite 
advantages over and above the primary consideration of 
its earlier availability The orbital system ts very flexible 
many different types of vehicles for a variety of missions 


could be assembled in orbit \ large vehicle could be 


assembled from a number of smaller ones, and even if 
the required thrust for direct transfer from Earth to 
Moon were available in a given year, the smaller, orbital- 
refuelled vehicles would be of a more mature vintage and, 
therefore, more reliable. Furthermore, a space-station 
wouid be an ideal ready base with which high acceleration 
space carrier vehicles could rendezvous and the transfer 
could be made to low acceleration (ion or plasma) 
orbit-to-orbit spaceships 

Dr. von Braun said he would sum up thts very pre- 
limininary comparison of direct transfer vs. orbital 
replenishing techniques for manned lunar and planetary 
missions with the following conclusions ; these he believed 
would remain valid for the next 10 years or so: (a) the 
orbital refuelling method may permit the missions to be 
realized sooner: ()) the direct transfer method may be 
cheanver but almost certainly will come later; (c) the 
orbital transfer vehicles would be more reliable, but the 
direct transfer would be a less complex operation 

lhe present development of orbital techniques is more 
or less a by-product of the concentrated efforts being 
devoted to instrumented artificial satellites and the early 
‘man-in-space” capsules. It is quite apparent that the 
development of manned satellites and manned space- 
stations will follow as a logical development sequence to 
these efforts 

An interim concept, which seems feasible and which 
could benefit from state-of-the-art progress made in the 
Mercury manned satellite programme, would incorporate 
the technique of orbital refuelling and other orbital 
operations in a plan to use the Saturn vehicle for estab- 
lishing and maintaining a minimum manned space- 


station 





capsule while solid rockets used both for pad escape 


and re-entry deceleration are housed forward. If escape 


2 MAN ROUND TRIP TO LUNAR SURFACE 


‘ 


at, or shortly after, the time of launch should become 
: ' . > wele 
necessary, six rocket motors providing 12 g acceleration 
would lift the capsule with its crew to an altitude of 
approximately 4000 ft. For re-entry, these same rockets 


could be ignited sequentially, in pairs, to provide the 
a: required impulse for deceleration and the re-entry 


f The instrumentation compartment would house the 
4 

equipment needed to carry out space observations and 

experiments: all other supplies and standby equipment 


TANKER MOON VEHICLE | would be located in the storage compartment. Bulkhead 


ee | space would contain additional equipment as needed for 
CFULLING 
ee the missions contemplated 

he possible. future, Saturn C-2 not only would be 
ce T T2e we \« . 


LIFTOFF THRUST ms 
12 MILLION FOUN oto, EACH 


~ placing small manned space-stations, cargo 
and propellent tankers into orbit, but could also 
place a shorter version of the space-station into a 


flight 


circumlunar trajectory Such a manned circumlunar 


wuld be perf sing s turn-typ prone spaceship would have the same escape capsule as the 

space-station, and preliminary estimates indicate that it 

would weigh about 15,000 Ib. (including 6000 for the 

capsule with its instruments and controls). This capsule 

may well be fitted with lifting devices for use during the 

Ihree typical stage configurations are 

rons a iigee a Sy wits ntry manoeuvre prior to the time the parachutes are 
the transport of men, propellents, equipment, 


plies via the Saturn into an Earth orbit All these wouk 


deploy d 
In addition to the 6000-Ib. re-entry capsule, 4000 Ib 


have the same dimensions and external configuration 14 " 7 ; 
would be devoted to what we call the “caboose,” the 


} 


and would be top stages of a series of Saturn C-2 \ 
section where the scientific payload, cargo, etc., would be 


| 
Ca©rrie®rs., 

The manned top stage version, once stabilized 
orb ) xecOMe ‘ ze) Vace-station — 
rbit. would become a manned = space-statio \ Marshall Space Flight Contre 


second and third version would be unmanned and would 


be used to supply propellents and cargo respectively t 


1 


the space-station All these vehicles would be 
assembled on Earth, and fitted on top of the ¢ 
vehicle 

A drawing shows the manned space-station’s three 
individually sealed compartments: (1) the crew capsule 
for powered flight, emergencies, and re-entry; (2) the 
instrumentation and working area: and (3) the supply 
storage room. Once in orbit, members of the crew 
would move from one compartment to another by 
crawling through a tube on the outside of the space- 
station. The tube might be fixed or inflatable 

In addition to contour beds, the re-entry capsule would 
contain environmental control equipment, electrical 
power equipment, oxygen, food, water, and other supplies 
adequate for the station’s planned operating period with 
sufficient reserves for the return trip to Earth and for 
possible emergencies. Mounted in an inverted position 
on top of the other stages, the heavily insul: 
wall of the capsule offers maximum protection for the 


rf 


crew during launch, ignition and burning of all stages ; 


of the carrier vehicle, and for re-ent ito) Earth ; : 3 3 
cai” vehi inc rt ry i i ORBITAL CARGO ian 


The parachute apparatus for recovery and possibl CARRIER STATION 


emergency used during launch is also located inside th 
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lly, some 5000 Ib. would hay ¢ allotted In January, 1960, arrangements were made to specify 

n abort and mid-course control (: ( those upper vehicle stages for development and direction 

ntry deceleration) propulsion syste this by industrial contractors within the framework of a 
system were not required an rgency ten-vehicle research and development programme. The 


the injection 


irst short duration capitive test firing of the eight-engine 
propellents wo u fo ’ cluster was made in April and successive tests of longet 
duration followed All were completely successful 
Shortly thereafter, the Administrator of the N.A.S.A., 
Dr. T. Keith Glennan, announced that a contract for 
some of the things the Saturn can, and w development of the Saturn C-1 second stage was being 
Now, concluding this resume of America iwarded. By June, several long, first-stage static tests 
hicle prog nk is appropriate for me approaching full burning duration (over 120 sec.) and 
: t sti the Saturn thrust (over 1,300,000 lb.) had been successfully con- 

What hav W i all ‘ towards ducted 


vehicles wl Optimization studies are now in progress toward the 
iturn programme was init g the lat development of follow-up Saturn vehicles, and, parallel 
1958. By April, 1959, construction was to this, feasibility studies for our fifth generation carriers 

a Saturn launch f y at Cape Canaveral are being made. Such carriers may be powered by 
d in December: he same year captive test clusters of the huge 1-5 million Ib. thrust Rocketdyne F-|] 


1 


Huntsville, Alabama, had been modified and ngines now under development The F-1 1s advancing 


‘ ‘ , .< 


or installing the [1-5 million Ib. thrust first rapidly, and has already been statically 


saturn ullion Ib. of thrust 





Back from Orbit 


orbital elements have been obtained near f ground 


put on exhibition he yal Institute of [he capsule is separated from the Agena satellite by 


Stockholn during the firing explosive bolts and is immediately spun-up by two 
A.F. Congres ts i vi in with mall rocket motors The purpose 
ouncement that two dogs h bee! hed provide re-entry stability 
ompartment of Sputn t that t fired, converting the fi 
sell } ? } . + 1] ~ 
sO SUCCESSIULY I ere ne next ys \ il CNIFY CHIpPse 
two spa prot ts in t raj the capsule 
entry travel to th . but at a steadily dec 
approaches Hawati, re-entry into the 
Ihe heat generated 1s absorbed by 
| 
' 


! ; } ! 
shield of the capsule, and such ts the 


heating that the air becomes incande: 


section f white glass fibre mat ior ff visible light The air also become 
ction during re-entry, and ar } ompart electricity, so that radio contact with 


ntains either research trume! | temporarily lost 
juipment, parachute Ihe whole process of re-entry lasts less than 5 min 


intended to carry a lif During this time, the capsule slows from satellite velocity 


ompartment for a such as black mice o1 mal about 18,000 m.p.h., to less than the speed of sound 


spider monkey 1 the cas Discovere It also loses its forward speed and at the end of the re- 


X1V \ removed to allow space for trument entry period ts falling almost vertically 


needed to investigate the reasons why apsules ter the capsule has been slowed down by air drag 
eturn from orbi a pat e is released which pulls the internal container 
Haviland ! t he Cc ( \ \ oul f tl glass fibre nosing to reduce 
as follows: After completion of th itellite rate of fall to about 15 m. sec 
mission, usually on the seventeenth passage about the The slow descent speed allows time for a C-119 
Farth, the satellite is orientated for re-entry at a back transport aircraft trailing a “trapeze” cable to attempt to 
ward angle \ timer in the satellite is used to catch the capsule in flight, a procedure called “‘air-snatch.”’ 
trigger release the capsule at a point near the North Should this fail — as was the case with Discoverer XIII 


Pok lis iS re-set by radio-command after precise the capsule floats on the surface of the sea and can be 





picked up by boat or helicopter. Location of the capsule 
is made possible by a combination of devices, including 
a radio beacon and dye markers which stain the water 
surrounding the capsule a bright yellow-green 

The complete Discoverer system was described earlier 
in the Congress when Major Henry Howard read a paper 
by Colonel Harry Evans on “The U.S.A.I 
Programme.” Major Howard described the Discoveret 
satellite as a multi-purpose vehicle for use whenever 
physical recovery of a payload is required 
that two important groups of experiments involved 
placing mice and primates in orbit and recovering them, 


Discoverer 


He stated 


in preparation for ““man-in-space.” 

In discussing the programme, Mr. Haviland noted 
that the possibility of recovery was recognized at the 
time of the Eighth I.A.! 
Barcelona in 1957 
Sputnik | 
demonstrated during the summer of 1959 


Congress which was held in 
This was just after the launching of 
Recovery from near-orbital conditions was 
Films taken 
during these experiments — from a G.E.-developed Atlas 
nose-cone were shown during the Tenth I.A.F. Congress 
in London 

Early experiments had resulted in good recovery over 
land as early as 1947, with the greatest altitude recovery 
occurring in 1949 from an altitude of 242 miles. Re- 
covery at sea was also accomplished during the first 
missile launching from Cape Canaveral in 1950. These 


pioneer experiments were made with a two-stage com- 


Space Research in 
Argentina 


National Committee for Space Re 
en established in’ Argentina 
xy the Air Force, its members 

from the Armed Forces bur also from 

universities, the National Council for Scientific 
lechnical Research. and ‘rtain research institut 
such as the Atomic Energy Commission 

Meteorological Service The aim of the Committ 

to further basic research and education in subject 

connected with space science and technology by means 

of contracts with the various research and educational 
institutions within the country 

At first, research activities will be restricted to balloon 
experiments and laboratory and theoretical stud! 


interest to the space sciences. As more finances 
available, it is hoped to extend this work to 

rocket firings 

It is also one of the hopes of the Committee to be abk 


to carry Out some of its research projects in co-operation 
with other countries and to encourage the exchange o 
scientific and technical personnel. To help promote this 
idea, the Committee organized a Symposium on Space 


Research in Buenos Aires between 21 and 26 November 
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RETRO ROCKET 
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_ RECOVERY 
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PARACHUTE COVER 
EXPLOSIVE PISTONS 
™ FLASHING LIGHT 


Over 


~ the Discoverer capsule shows its 
At launching it forms the nose of the 


cK! The top stage injects itself ints 
satellite and, by means of an orientation 
rr re-entr 


ral Electric Company 


bination of the German A-4 rocket and the American- 
developed WAC-Corporal 

The Discoverer programme is managed by the U.S 
Air Force. Prime contractor is the Lockheed Aircraft 
Company of California. The General Electric Company, 
whose representatives arranged the Congress exhibit, is 
a sub-contractor to Lockheed for the re-entry capsule 


ih 
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SC 
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"77 F ROPLANE 


ASTRONAUTICS 


devotes more pages to the field 
of Astronuatics than any other 
weekly magazine in Europe 
Kenneth Gatland edits the separ- 
ate Astronautics section which 
weekly reviews events and out- 
Standing contributions to the 
science from all over the world 
Backed by photographs and cut- 
away drawings of new projects, 
it regularly presents the latest ir 
formation of both American and 
Russian activities in additior 
paying particular attention to 


British de velopments 


Every Friday is éd 





Dyna-Soar 
t for a manned hoost-elides 


a programme to send a manned vehicle 
bring it back to Earth again under full 
control Technical direction of the project 
with the United States Air Force, acting with the 
and assistance of the National Aeron 
Administration 
combin he high speed of a ballistic 
controlled and accurate flight of a manned 
a-Soar 1s 
human discretion Wong with almost in 
name Dyna-Soar | 
soaring 
ehick vill use both nt int the atmosphere t speeds that w 


major problem posed in the 


ynamic lift _— 


Dyna-Soar programme 1s 


uer 


st a heat-resistant glide 
by a modified Titan 1.C.B.M. During 
levelopment. unmanned gliders. and later 
manned gliders, will be launched trom Cape Canaveral 
down the Atlantic Missile Range to explore the technical 


fligl peeds approaching 


problems associated with 
orbital velocity 

Later vehicles are expected 
(about 18,000 m.p.h.) by using a 
orbiting, the Dyna-Soar glider will re-enter the Earth's 
atmosphere under control of its pilot and will make a 
conventional landing at an Air Force base 

The Air Force has released for fiscal years 1959 60 
funds totalling $29-7 million for the ject The Au 
Force fiscal year 1961 budget contains an additional 
$58 million for support of the Dyna-Soar programme 

Air Force management and engineering personnel o 
the Air Research and Development Command and Ai 
Material Command specifically assigned to the project 
at Wright-Patterson Air Force Base, Ohio, will manage 
the design work on Dyna-Soar. N.A.S.A., which its 
participating in the solution of technical problems 
related to Dyna-Soar, 1s represented in the group 

Boeing, as system contractor for Dyna-Soar, is 
responsible for the manufacture of t vehicle portion 
of the system. Under the direction of th ght Au 
Development Division, it will be responsible for the 


integration of vehicle sub-systems, integration of vehicle 


ind booster, and assembly 1 test fhe Martin 


Company will supply modified Titan I-C.B.M. boos 


Preliminary model tests t nfirm the narrow- 
configuration, and also 
materia 


ils, are being mac 


Vought Scout 





Echo | Encounters Darkness 


yunter brief periods of 
August The 
wen ito the Earth’s shadow 


assed over Southern California at 


are designed to continue 
remains inflated 

powders dusted into the here during 
gas at temperatures slight 
unlight, the 


Within a few minutes af 


lreezing 


temperature of the ¢ IS 


mperature drops to about 


vi 1 
ya SOG Stale 


launched on 12 August, hundreds of 


deen conducted using the satellite as 


signal These transmissions 


facsimile photographs, two 


commercial 
Atlantic 


termine the effects 


ations using 


quip 
and trans- signal relays 


of the 1onosphere 


23 August 


135 orbits 


| 4 ho | had COVE ed 


liles during around tne 


meters were: apogee, 1 050-5 


, statute miles: velocity at 


15.978 m.p.h 





Injecting ‘‘Echo’’ into Orbit 


lite is 


1] 
Earth 


nissile 


its laun 


technolog 


lar orbit, was 


| 1 


lectronic device d¢ 


ehicles to N ASA ‘| 


mtrotier. VICK 


; ] ] ‘ ] ] 
developed autopilot control 


. 4 " | 
up Of four Separate components, the 


ichieves its 


system which 


wccuracy primarily through 


held 


degree per hour, a substantial improvement over 


systems In addition to its accuracy. the flight c 


can be easily adjusted to provide a number of 


flight paths. These may rat from circular 


gated elliptical orbits re deep space 
tories 


Possible adjustments which can be made in the 


controller programme —simply by electronic switching 


nclude varying the coast period between burnout and 


' 
COds 


transistorized 
supplies 


regulation, 1s 


‘ 


on of subsequent stages, the atuuttude commands and 


uence of events, ¢.g., spin-up of the third stage 


By means of a precise timer, signals can be applied 


through sixteen sequence outputs at half-second intervals 


from 0 to 2048 sec This permits exact control of missile 


attitude in pitch and yaw and ignition of the engine at 


arious stages to ensure correct flight trajectories 
In the Delta vehicle. the 


the second stage 


flight controller is located in 
and is an adjunct of the Bell Telephon 
| aboratories during first and 
cut-off of the 


this 


guidance system 
flight After 


termination of radio 


radio 


second-stage powered 


second § ‘ id 


le 


guide nce, 


completely. controlling the vehicle's 


attitude 15-min 


third-stage flight 


sequence of events during a 


period, second-stage separation 
and injection into orbit 
Development of the 


industry-wide 


flight 
project in the [ 


neapolis-Honeywell 


controller has been an 
nited States. Min 
built the improved 
gyroscope system and Texas Instruments developed thx 
programmer The 


400-cycle A.C. voltage 


and 


designed 
static inverter, which 
with 0-01 
a product of Electrosolids Corporation 
The Douglas Segundo and 


actured the flight controller electronics package 


frequency 


division designed manu 





The U.S. Space Programme 


One o fhe [ ( l] } i i el concise, Surveys 


thre {ymerican Space eX- 
ygramme was recently given by Major General 
Ostrander* in an ad Western Michigan 


We a j AT reproduce the Plajol 


iutics and Space Administration Office of Launch Vehicle Programmes, which ts respon- 
ilian development of astronautics sible for developing the rocket boosters and supervising 
' navlo 


' is its headquarters in Washingtor their launch operations, in order to place a pay 
s headed by Dr. T. Keith Glennan and his wrbit or to probe outer space. The other ts the Office 


Dr. Hugh L. Dryder of Space Flight Programme which provides the spacecraft 


Institute of Technology in Cleveland, Ohio perform the function that we desire on a specific space- 


ng to N.A.S.A., Dr. Glennan was President yy payload required to obtain the information or to 


1 ‘ntly on leave from that institution During flight mission 
tne War he Was 
Sound Laboratories at ew London, Connecticut. and airly 


Dir r of the Navy's Underwater elatively speaking, the N.A.S.A. Headquarters ts a 


Ke 
small organization, with about 600 people, and ts 


i sil the War as a member of the ed primarily to plan and supervise an integrated 


has also serve! s 


Atomic Energy Commission Dr. Dryden, prior to his space programme The bulk of our actual day-to-day 


vy 


PIC i 


ippointment as Deputy Administrator, was Director ientific and development activity, however, 1s con- 
f the National Advisory Committee for Aeronautics ducted by our field establishments, 


consisting of tour 


redecessor organization. Both Dr. Glennan and research centres, three space flight development centres 


Dr. Dryden have been with N.A.S.A. since its formatior and three rocket launching facilities one at Cape 
ral in Florida, one at the Pacific Missile Range on 


in October, 1958 Canay 
major staff offices the west coast, and the third at Wallops Island, Virginia 


{ 


Under the Administratoz 1 
A field establishment of this size and diversity ¢ 


wr Directorates, that plan, integrate and manage our 
total research and development programme. Taking of course, materialize overnight nor during the short 


lid not 


these five Headquarters activities in turn, we have first time that N.A.S.A. has been in existence four 

ill an Office of Business Administration which research centres were absorbed with other se 

rvises the normal function of personnel, procurement the National Advisory Committee for Aeronautics when 

transportation, etc., In support of our technical N.A.S.A. was created in 1958. (Incidentally. this 
area we are still responsible for the aeronautical research 


formerly conducted by the N.A.C.A., and are 
aviation, but there has of 


ic research, we have the Ofhc activities 


Research Programmes, where emphasis is tive in matters dealing with 
*mphasis irom the 


‘ 


on the application of basic sciences to aeronautical course been an inevitable shift of 


¢ 

ynautical problems, in order to insure our problems of conventional aircraft to the more demanding 
art in thes problems of space exploration 

background ar In addition to the nucleus of the N.A.C.A. staff and 

the N.A.S.A. absorbed from the Naval Research 

atory the group which conducted the Vanguard 

programme in connectien with the Internationa! 

al Year, and from the Army the Jet Propulsio: 


Laboratory of the California Institute of Technology and 


Dr. Wernher von Braun’s group at Redstone Arsenal 


f around 16.000 people, therefore 


ll number represent new Govern- 


prob 
Seeing aking | the area of basic research, | would like 
= 1 Ww yT 1 \ 
— » describe for you the scope and responsibilities 
ld activities Ihe Langiey Research Centre, 
slation of ti ' ‘ 1 work into mor 


nd material things ts divided into twe yreant 
and ma lat Lnin ed int (Wo Organiza . —— Saumch Vehicle Precramumes. National Aeronautics 


I 


departments One is my own organization h nel {dministration 





located at Hampton, Virginia. is the oldest of the forme of 2000 people, with the original Vanguard satellite 


N.A.C.A. laboratories and the largest of our research team as a nucleus. The major programme elements of 
activities Here a staff of some 3200 people is occupied this Centre are scientific satellites, sounding rockets, the 
with such basic problems as the physical limitations of manned space programme, and the application of space 
materials and structures, the physics and aerodynamics vehicles to useful purposes, including communications 
of re-entry vehicles, continuing work in aircraft aero ind meteorology 


dev clopment IS 


dynamics, and fundamental research in stability anx ther major field of spacecraft 
control assigned to the Jet Propulsion Laboratory at Pasadena, 

At Cleveland, Ohio. we have the Lewis Research aliforn [his laboratory is operated for N.A.S.A 
Centre, where a staff of 2700 is concerned with investiga- by the California Institute of Technology, and is con- 


tions relating to all aspects of aircraft and rocket propul erned with the exploration of deep space, including 
sion. Research programmes are now active on chemical 1anned lunar and interplanetary flights 
rockets, with emphasis largely on new and advanced hig clopment of our launch vehicles 1s concentrated 


energy propellents, on nuclear rockets, and on electric: it the George (¢ Marshall Space Flight Centre at 


propulsion devices untsville, Alabama, under the leadership of Dr. von 
| 


Much smaller in size than the other activiti yu raun \s entioned, this operation ts being trans- 
unigue and specialized in its own right, i light d to us from the Army Ballistic Missile Agency and 
Research Centre at Edwards Air Force Base, Californi will be o lly established under N.A.S.A. on 1 July 
It is located on the edge of Rogers Dry Lake otal staff of 5500 people is now planned for this 
with the Air Force Flight Test Centre, and 
advantage of the 75 square mile flat surface of the lk: n addition to the development of vehicles, the group 
as an ideal testing ground for research aircraft unde von Braun will also be responsible for the 
current staff of 416 people is engaged almost full-t associated vehicle launch operations. For this function 
on flight testing the X-I5 research aircraft Although sle-firing operations have been established at Cape 
this project comes under the general heading of aviation anaveral, Florida, under Dr. Kurt Debus, who has 
it actually represents a first, but very significant, step at ed all of Dr. von Braun's missiles for him since the 
toward ultimately placing a man into outer space, since carly days at Peenemunde in Germany We will also 
this aircraft is designed for a maximum speed over establish a group under Dr. Debus at the Pacific Missile 
six times the speed of sound, and a maximum al 
250.000 ft 

Also located in California 1s the Ames Research Centre 
at the Moffett Naval Air Station in the Santa Clara Valley 
Phis group of about 1400 people conducts research in the 
environmental physics of space operations, including 
simulation techniques, gas dynamic research at extreme 
speeds, and automatic stabilization and guidance and 
control of Space vehicles In the field of aviation they 
are also engaged in an active programme in connector 
with V.T.O.L. aircraft 

Whereas these research centres generally do their work 
in their own laboratories, and are staffed with relatively 
small groups of highly trained scientists representing 
great diversity of skills and applications, on the devel 
ment side we conduct a much greater proport 
work by contract, both with industry and 
sities and other non-profit research organizat 
we require in general larger numbers of people 
greater investment in facilities and equipm 
of the sheer size of the programme 

Development activity with N.A.S.A. is divided 
two major material areas: Launch Vehicles and Spac 
craft. Supporting the Spacecraft development pro- 
gramme are two centres, each concerned with a specific 
area of space operations. Responsibility for develop- 
ment of Earth-orbiting craft or satellites 1s vested in the 
Goddard Space Flight Centre, which is the only new 
organization we have formed. It is located at Beltsville, f 


Maryland, just north of Washington The staff consists 


AbleStar mated to the Th first-stage on the launching pad at 
Cape Canaveral 


ferojet-General Corporation 





travel to the other planets 


‘xplora 


presenes 


Dut 


As you know, W 
{in Project Mercury 

id in other scientific 
will lead to space travel. As to the 


A 


re already 
as this programme ts 


investigations that we hope 


immediate 


re is little question that a successtul launching 


ito space would do a great deal to enhance oul 
prestige However. this ts not tl 


i The goal is to determin 


Wwironmental c 
operations sul 
his participation in future 
tol all the additional compk 


imposes 


1960 oUF 


ing philosophy 
u ciples 
must creat hicles with 


coningura- 





tions. The inevitable limitation of dollars alone dictates 
that we must take this approach 

Second, and closely allied to the first, we m 
a high degree of reliability through repetitive us 


CENTAUR 
TOP STAGE 
\ LOX/ LH 
basic vehicles, much as the automotive 1 

achieved reliable cars through the millions of 


driving on each of their standardized series 
And third. to avoid early obsolescence. we mu ; 2 
Pew LR-IiS 
that each new vehicle we develop incorporates the most ENGINES 


advanced technical approaches and growth potential a 


consistent with the reliability we require p16 


As | have indicated, the first two of these principl ENGINES 


minimum variety and repetitive use of standa 7eK CA BOOSTER 
vehicles — are dictated largely by economy 
developing launch vehicles are already hi 
going up In a geometrical progre 
larger | 

The need for reliability through repetitis 
same vehicle is. | think, obvious These dev 


essentially expendable, must function proper 

time or the entire cost of the operation ts 

using the same type of rockel yuld perform the same 1 on 
rather than trying to use % y of vehi each with a )-1 ayload, and Thor-Able \ about 
designed for a specific purpose uild up our experience 200 Tk elta will more than double this  per- 


1¢ vehicle. are able to dete and eliminats I ormancce t| it a 480-Ib capability for this par 
and the defects sooner, and consequently arriy ticular missio! their successors, Scout can handlc 


at a high level of reliability earlier in yworramm 1 S( ni: ac a fraction of the cost of its pre 
Now let us | at our past. our sent, and our dece and Th gena B will be able to put 1250 Ib 
planned fleet of vehicles to see how 


j 
1 SI | | 


On ta used On LO] 


these operating principles WS Sane rena cone AL C 
Iwo early vehicles, which hi already been retire hor w also be used by N.A.S.A., as well as the Air 
vhich serves so well ba in 195 ( second stage of the Atlas I.C.B.M This 


ia atellite 1 . oO will in LS¢ pavload capability 1 a 300-mile orbit 


were the Jupiter ¢ 
necdec 
measure, our badly 
ruard 1.435.¥ 
ts troubles, mor 
upper stage, using } and 
iquid nstead of the kerosene and liquid O, we have 


Also ired t vear was the in based on th used so f; 1c added thrust that we gain by using 


Jupiter 1.R.B.M 
Air Force Thor I.R.B.M Yelta, which payload when used on a trip to the Moon, which ts one 
Thor-Able improved throu ari of its princi missions in the N.A.S.A. programme 


r-Abk ed. of course hydroger a fuel gives the Centaur half again the 


including ; wccurate ; lexib idio For the first time, in Centaur, the U.S. will have a launch 
will d throughout in % vehicle able to duplicate the payload capability of the 
ussian Sputnik vehicle 
dition to the Scout, the Thor-Agena, the Atlas- 
the vehicles mentioned are bing repla by two ens d the Centaur, which will be used as standard 


st the Scout, which i smal zed vehicles in our continuing programme, the Saturn 


w vehicles The fi 
yropellent rocket The otl is the vehicle 1s being developed under the management of 


Mur-Stage solid 


| 
Thor-Agena B. which is basically the same vehicle as 1s Dr. Wernher von Braun’s group at the Marshall Spac« 


being used very successfully in the Air Force Discoverer Flight Centre Saturn's first stage consists of a cluster 


programme The Scout was selected becat of it f eight ballistic missile-type engines, with a total thrust 
out $750,000 per vehicl ind the [500,000 Ib. On top of it we will have two upper 

Agena B was chosen because of its con ition of tages using the same hydrogen-oxygen engine being 
load. flexibility of eration. and potentially leveloped for the Centaur. When we get this Saturn 


| vehicle, which is the initial version of Saturn. our 


Vload capability wil over 25.000 Ib. in a 300-mile 





second mod Ol turn. called t 
Stage sing ir 200.000-lb. thrust LO 


tween the rst and second 


past 5 

low Saturn le principal 
in these planning 
landing a manned spacecraft on the Moc 

15,000 Ib. re-entry packa to the Earth 
followed two principal approached 


all the brute f e attack 


hicl 

nicie it 
guration 
single 


velopment 


WITH SPACE 


have initiated two advanced programmes in propul- 


sion. One isa nuclear rocket, in which a nuclear reactor, 


nstead of chemical combustion, is used to heat the 


propellent and expand it through the nozzlc The other 
is a system employing electrical propulsion 

[he encouraging results which were obtained from the 
initial nuclear rocket reactor test conducted by the 
Atomic Energy Commission last summer have stimulated 
our hopes that the large increase in efficiency which we 
t from using nuclear upper stages, with weights less 


than one-third that of conventional rockets for the same 
mission capability, can be acquired by the time our pro- 
gramme has reached the point where we need something 

yond Saturn Toward that end, the N.A.S.A. and 
the A.E.C. are increasing the pace of the Rover pro- 
gramme, as the nuclear rocket programme, ts known, 


I prototype 


ind we are aiming for an orbital flight test of a 
nuclear rocket in 1965, on top of the Saturn as a launch 


of electrical propulsion appears 

what further in the future, but it has son 

atures which appear to be uniquely applica 
space programme In essence, an electric 

ists of an electrical power generator and 
convert this power into. thrust There 
methods of converting electrical energy 
all are based on a concept of acceler: 
charged particles to produce the desire¢ 

Both the electric and nuclear rockets show considerable 
promise for space application becaus¢ 
high specific impulses. This high specific impulse 
amount of thust per lb. of propellent 
amount of propellent required and th 
room for the engine structure and payload 
area, particularly, that we ho 
through in our capabilities 
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* NEW BOOKS from 








INTERPLANETARY PUBLISHING CO. 


12 BESSBOROUGH GARDENS 


|| ATLAS 
| (Story of a Missile) 


|| CELESTIAL MECHANICS 
(Translated from the Russian) 


PHYSICS AND MEDICINE OF THE 
| ATMOSPHERE AND SPACE 


|| PHOTOGRAPHIC LUNAR ATLAS 
|| SPACE TRAJECTORIES 
|| SPACE BIOLOGY 


(The Human 
Flight). 


Factors in Space 


SPACEFLIGHT TECHNOLOGY 


(Proceedings of Ist Common- 
wealth Spaceflight Symposium) 


|| INTERNATIONAL MISSILE AND 
|| SPACECRAFT GUIDE 


THE CONQUEST OF SPACE 


U.S.A.F REPORT ON THE 
BALLISTIC MISSILE 


THE EXPLORATION OF SPACE 


* IN STOCK 


|| ATLAS ECLIPTICALIS 1950 


(In Czech, Russian, English and German). 


}. L. Chapman 


T. Ryabov 


Benson and 
Strughold 


Ed. G. P 
Kuiper 


Proceedings of 
A.A.S. and 


Radiation Corpn 
Symposium 


Hanrahan and 
Bushnell 


Ed. K. W 
Gatland 


Ed. Ordway 
& Wakeford 


A. Ducrocq 
Ed. K. F. Gantz 


Ed. R. Jastrow 


Antonin Becvar 


all stars listed in Yale Zone Catalogue in declination 


Boss G.C. and G.C. 


Variable, Double and Multiple Stars shown down to Mag. 10.0. 


32 seven-coloured maps size I$ 


° s.W. I. 


190 pp. 1960 21 - 


165 pp 1959 76 


645 pp. 1960 £5 


280 plates 1960 £10 15 - || 


298 pp. September 1960 96 - 


263 pp. 1960 


385 pp. September 1960 96 - 


500 pp. appx. 1960 £9 14- |; 


1960 
1958 


30 - | 
30 - 


256 pp. 
338 pp. 


160 pp. 
Illustrated 


August 1960 38 6 


1958 £6.2.6. 


26” showing 
30, plus additional stars from 
The 


30 to 


elaboration of such an atlas was recommended by the International Astronomical Union. 
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Stentor and Gamma 


tristol Siddeley have announced preliminary detail 
an important new rocket eng! he Stentor, which ts 
quantity production at their Coventry factories 


the first time at Farnborough 1 


was ecxhibited for 


septic 


Lik th Bristol Siddeley Gamma 


Saunders-Roe Black K1 
t engine burning 
in high pressut 


Avro Blue St 


The Gamma engine has won a high reput 
powerplant of the Saunders-Roe Black Kn 


research vehicle, in which it has operated 


reliability Fight Black Knighis have be 


far and every firing has been successtiul 
Ihe four combustion chambers, ol 


turbine re: mounted on trunnions on which they 
tuators to provide vehicle guidance 
hydrogen peroxide actuators to provide licle guidance 
omb supplied with high test peroxide and ke 
\ 

turbopump unit driven by the products of the catalyti 
lecomposition of high test peroxide. The 


Ick 
19.000 Ib 


thru 


6.400 Ib. at sea level, rising to 


atmosphere The gine 1s 361n 


j 


issioned 


1. long It was comm 


e Black Knight, but would ne 
short-range ballistic missile 


products 


r passage through ae 
te venicic 


, ormance of Gamma in BI I 
combustion zone, the hydroge PIMARCS OF NJ - Black K 
; _— f sto] ‘Adele 
end of the expansion nozzk wate of Bristol Siddeley’s capa 
rocket engine field, but security restrictions 
‘ th 


chamber through passages 1 , 
oolant durit “y publicat na liormation on thet late 
injectors activil 


1} 
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WANDLESIDE WARREN WIRE CO. LTD. 


he Gamma engi Are Specialists he manufacture of Electric Wires 


this engine has been made REALLY HIGH TEMPERATURE APPLICATIONS 
> | Rockets, Guide 


advance manutacturing Devices as used in Space Vet e 
All enquiries t 
106 GARRATT LANE, WANDSWORTH, LONDON, S.W.18 


Tel: VANdyke 7544 Telegrams Wandleside London 
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LIMITED PRINTING ONLY 


Factual details on: 

* ROCKETS * SPACE PROBES 

* ARTIFICIAL SATELLITES 

*SOLAR SYSTEM 

“ THE CONSTELLATIONS AND HOW TO 
FIND THEM 


INTERNATIONAL ASTRONAUTICAL 
FEDERATION ~* FACTS AND FIGURES 
Contained in 64 pages of data 


bound in red or blue with gold 
tooled cover, with pencil in backloop 


5 - post free 


From 


INTERPLANETARY PUBLISHING CO. 
12 Bessborough Gardens, London, S.W.1 








Revised and Up to Date 


in a New Edition 


Interplanetary Flight 


by Arthur C. Clarke 
B.Sc., F.R.A.S 
This classic introduction to the new science of 
Astronautics is now again available in a new, up-to- 
jate and fully revised edition. All recent space-flight 
developments, many of them accurately predicted 
by the author in the first edition, are recorded in 
this new, enlarged edition, which also contains a 
new chapter on Earth Satellites and Lunar Probes, 


new illustrations, 15 art plates and invaluable 


mathematical appendices 
2nd Edn 152 pages illustrated 2s. 6d. net 


pes ©6C TEMPLE PRESS LIMITED 
Lil} Bowling Green Lane, London, E.C.1 
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FOR YOUR TRAVEL 

ARRANGEMENTS BY 

SEA, LAND AND AIR 
CONSULT 


Northern Transport 
“Agency (London) Ltd., 
47/48, Duke st... 

London, S.W.1. 
Telephone WHI. 4346 


AIR TRAVEI 

AIR FREIGHT 

AIR CHARTERS 
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ASTRONAUTICA 
ACTA 


Official Journal of the 


International Astronautical Federation 
Published by Springer-Verlag of Vienna 


Volume VI (1960) Price per year (6 issues), 
£3 lls. 6d. ($10), plus postage. Copies of 
Volume V (1959) are also obtainable at this price 


Volumes I (1955)—IV (1958) are still available: 
price per volume (4 issues), £3 2s. ($8.60) plus 


postage. 


Members of the British Interplanetary Society or 
other Constituent Societies of the International 
Astronautical Federation are entitled to receive 
Astronautica Acta at a discount of 20°, on the 
above prices. Orders and remittances should be 
sent to the British Interplanetary Society, 

12, Bessborough Gardens, London, S.W.1. 
































WEAPONS RESEARCH GROUP 


Advance planning has made a vital contribution to current world 
achievements with guided weapons and space vehicles. To assist 
Britain to look ahead and so maintain her position with world 
leaders in this field, the following staff at both senior and junior 
levels are sought to join this research group of engineers and 
technologists in our London offices The group is considering 
future requirements for short and long term military weapons, and 
also space flight applications, drawing on the Company's wide 


experience in air-to-air and ballistic missiles, 











DYNAMICS ENGINEERS 


to study tactics and the perform- 
ance of varicus weapons and space 
systems, and to prepare guidance 
and control systems design specili- 
cations. The senior engineers will 
contribute to, and interpret, over- 
all strategic studies and initiate 
detailed work on them 

QUALIFICATIONS Senior 
engineers: a degree or equivalent 
with 5-10 years’ experience: know- 
ledge of air-launched missiles and 
digital and analogue computers ts 


desirable. Junior engineers will 


have some. but not all, of these 


qualifications. 


DESIGNERS 


to study weapon design, aircraft 
installation problems and space 


flight equipment 


QUALIFICATIONS Senior 
engineers: a degree or equivalent 
with 5-10 years’ aeronautical eng- 
ineering experience; able to devise 
ingenious weapon configurations 
for simple and complex systems, 
and possessing a knowledge ot 
advanced propulsion and struct- 
ural techniques. Junior engineers 
will have some, but not all of 
these qualifications 


SPACE TECHNOLOGIST 


to study general problems of the 
exploitation of space He will 


SYSTEMS ENGINEERS 


to study the application of existing, 


and future, guidance, control and 


become experienced in all aspects power systems to new projects 


of launching vehicles, missiles, devised by the group 
space probes and satellite equip- 
ment, and will initiate detailed 


QUALIFICATIONS Senior 


studies of those applications which engineers wide electronics and 


particularly relate to this country’s electrical engineering experience; 
interests able to take full advantage of new 
developments in detection, track- 


QUALIFICATIONS At least ing, navigation, control and power 


10 years’ relevant tackground in generation equipment. Junior ¢ 


missiles, radar or electronics, en- gineers will have some, but not all 


thusiasm for the future in space of these qualifications. 
and knowledgeable about current 


activity in this field. 


TECHNICAL ILLUSTRATORS 


for general presentation and art 
work associated with the various 


projects of the Company. 


PLEASE WRITE TO 


(Ref. 739 ) 


The Personnel Manager 


THE DE HAVILLAND AIRCRAFT CO. LTD. 


WELKIN HOUSE, 1011 CHARTERHOUSE SQ., LONDON E€.C.1 


Member Company of the Hawker Siddeley Group 
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